This paper explores household environmental problems in developing countries like India. Population density poses a major threat to household environmental conditions. To study the association between income and variables of household environment and health in the slums of Bangalore metropolitan city, a number of variables were considered. Data was collected with the help of a questionnaire from 4,560 households selected from 120 slums in the city. Water samples were collected from open containers used by slum dwellers and analyzed for quality parameters. Chi-square analysis indicates that income and environment conditions are significant at 1% level. The study shows that lack of basic amenities and poor living conditions increase pollutants around low-income households. The study found average incidence of dysentery compared to respiratory diseases, jaundice and malaria. The main reasons for higher incidence of dysentery are unsatisfactory water quality, storage of drinking water in open containers, disposal of fecal matter and lack of toilet facilities. Regression analysis shows positive correlation between diseases and other variables. Multiple regression models show that municipal collection of fecal matter and storage of water in open containers are significant variables. Further, the coefficient of determination, R 2 , shows 92.9% variation in dysentery as shown by independent variables. The most severe household environmental problems and health effects are faced by the poor, i.e., low-income households. The study considers poverty to be the greatest polluter.
Introduction
The most-pressing environmental health problems today, in terms of disease, illness, disability and even death are associated with poverty in households and communities in developing countries like India. Slums, inadequate shelter, overcrowding, inadequate safe drinking water and sanitation, contaminated food, solid waste and indoor pollution are by far the greatest environmental threats to human health. These conditions are often compounded by poor nutrition and lack of education, which make people vulnerable and less able to cope with environmental threats. The low quality of life in slums is as much a result of unhygienic living conditions as is the lack of economic resource. Squalor accompanied by outbreak of diseases, high mortality and general ill-health make slum dwellers less productive. Many of the interventions particularly in the domain of public health, rely on changes in behavior and improvement in the environment at the household level, because a large share of diseases is contracted in or around the home environment. For instance, even if the water supply is clean at the public tap, it gets contaminated if stored unhygienically.
Bangalore urban area has grown so much that its administration is illequipped to respond to explosive changes. Rapid growth has taken its toll and many of the negative effects of urbanization, like pollution, inadequate infrastructure and loss of open space are experienced by residents. In particular, this growth has had a major impact on the environment leading to environmental degradation and formation of slums. While Bangalore has relatively fewer slums compared to India's major cities, the numbers are relative. Approximately 15-20 percent of metro Bangalore's residents are slum dwellers, compared to over 30 percent in Kolkata and Mumbai (Siddegowda and Shivashankara [1] ). As a result, there is a great threat to health and quality of environment. The main objective of this research is to study the household environmental problems and their impact on environment and health.
Materials and methodology
The study was carried out with the help of both primary and secondary data. The primary survey is mainly composed of observations and interview through questionnaire method. There were 12 main questions which included particulars of housing details (states of house, type of house, and proper ventilation), study of demographic characteristics-(family size, literacy rate, income), reasons for migration (finance problem, employment problems, future of children, extreme poverty, land problems, state of rural infrastructure, public utilities, natural disasters, government facilities, wage rate, literacy rate), household (sources of water supply, state of water supply, quality of water supply, amount of water supply, mode of water storage), utility services (status of road and sanitation), health (name the four most frequency reported disease of the family, name the four most important household environmental problems that should be improved) and medical facilities, market and recreation facilities, disposal of garbage and sullage (mode of storage of household waste inside the house, mode of disposal of household waste, garbage collections by the municipality, frequency of garbage collection), solid waste, drainage system (disposal of household wastewater, drainage around the house, type of drainage, water logging around the house, types of water logged) and latrine facility, and space index (living area, density and floor area). Since there are as many as 473 slums (declared as slums in 204) in Bangalore metropolitan city it was difficult to conduct socio-economic survey of all of them. Hence, for study purpose, the city was spatially stratified into three ecological zones-core, intermediary and periphery-on the basis of population density characteristics. Data was drawn with the help of a questionnaire from a survey of 4560 households selected from 42 slums from core, 43 from intermediary and 35 from periphery of the city ( Table 1 ). The questionnaire used in the interview was developed with the help of questionnaires of similar studies conducted by the Stockholm Environment Institute (SEI, 1993 (SEI, , 1994 (SEI, and 1995 and Aligarh Environment Study Project (AESP, 1994 (AESP, , 1995 . It records all persons occupying a housing unit correctly, put their feet under one table or otherwise join together in an arrangement to provide, food, clothing, shelter and other basic residential necessities (Schei et al. [2] and Siddegowda and Shivashankara [3] ). The spatial distribution of the sample slums is shown in Figure 1 . Table 1: Basic data from three ecological zones with respect to sample slums.
The lack of basic amenities like water supply, sanitation and solid-waste collection in slum areas will affect water sources. Only four slums were randomly selected in Bangalore Metropolitan city for study purpose for analysis of drinking water quality. Twelve stations were established for collection of water samples from open containers. This study examined the probable cause of pollution in drinking water and the quality of household drinking water (before and after use) was analyzed. During the study period (Feb, May, April 2007), drinking water samples were collected from four select stations in slums of core, intermediary and periphery areas of the city and analyzed for water-quality parameters as per standard methods [4] .
Bangalore

Core Intermediary Periphery Total
Size of sample households 928 1531 2101 4560
Number of sample slums 42 43 35 120
Location of sample slums in core, intermediary and periphery areas of Bangalore metropolitan city.
Results and discussion
Distribution of sampled households according to income
Household income is an important variable considered to examine social background. In the case of unorganized sector, assessing income is a difficult and ticklish issue as people here do not have regular income, and also do not keep track of their incomes. Yet this variable cannot be ignored. Income gives clues to economic status of households (Siddegowda and Shivashankara [1] and Schei et al. [2] ). As illustrated in Table 2 , 37.93% of the total sampled households belong to low, 28.35% to medium, and 33.72% to high-income groups. The study establishes that majority of the slum dwellers belong to lowand medium-income groups in the city as the income derived from their jobs is less. 
Association between income and household environmental conditions
In order to find association between income and variables of household environmental conditions such as the status of the house in the slums of Bangalore metropolitan city, a number of variables were used. Chi-square analysis was done. Table 3 shows that income and household environment conditions are significant at 1% level. Higher coefficients of values were observed for the variables. It has been observed that fuel used for cooking food (0.6304), water logging around the houses (0.6000), type of latrine used (0.5997), place of cooking food (0.5992), mode of storing of household waste (0.5665), bathroom and toilet facility in the house (0.5607), source of water supply (0.5607), quality of water supply (0.5607), type of drainage around the house (0.5568), drainage around the house (0.5417) are strong associates with income and household environmental conditions. Similar studies have examined income and household environmental problems and have established that poor living conditions in informal settlements have detrimental effect on health (Surjadi et al. [5] , Graham et al. [6] and Kwasi Boadi [7] ). The present study shows wide disparities among different wealth groups regarding access to environmental health facilities and services. Household environmental problems are closely interrelated and affect mainly low-income households. Lack of access to facilities has created severe environmental and sanitation problems such as indiscriminate dumping of refuse and discharge of wastewater into the environment which pose major health hazards. Lack of basic amenities and poor living conditions increase pollutants around low-income households. This proves that poverty is the greatest polluter. The pollutants also migrate to non-slum areas through various media.
Drinking water quality
It was found during the survey that 82.48% of the low-income and 81.44% of medium-income households were getting water of unsatisfactory quality (Siddegowda and Shivashankara [1] ). Samples of water stored in open containers contain large quantities of impurities and all the parameters did not meet with permissible limits of drinking water-quality standards ( Table 4 ). The study shows that drinking water is not stored and used properly in the houses of slum dwellers. Lower-income households thus consume mostly polluted water. Results of previous studies agree with our findings which show that the quality of water deteriorates significantly after collection, i.e. contamination occurs in transport vessel or in the household domain in general. Improper cleaning of storage and transport containers has been described as a key source of contamination of drinking water (Maiti and Agrawal [8] ).
Relation between income, household environment and health
About one-fifth of the total disease burden in developing countries can be associated with environmental risk factors. While the disease burden in poor countries is about twice that of richer countries that from environmental risk is ten times greater than in developing countries. Statistical analysis was carried out to study the relationship among income, environment and health in all zones of Bangalore's slums. Statistical analysis was done for pooled data of core, intermediary and periphery of the urban area (Table 5 ). Data shows mean and standard deviation for dysentery, jaundice, malaria and respiratory diseases in all the slum zones of the city; estimates stemming from different risk contexts is the focus in this analysis. One can notice that the standard deviation is much larger than the mean for all risk categories, reflecting the large span in the estimates covered and that the median value is much lower than that in each case reflecting the long right-hand tails of the distributions. Table 5 shows the average incidence of diseases like dysentery, jaundice, malaria and respiratory diseases along their variables of pooled data (overall) in the slums of Bangalore city. The average incidence of dysentery was more compared to respiratory diseases, jaundice and malaria. The major reasons for higher incidence of dysentery are unsatisfactory water quality, storage of drinking water in the open container, disposal of fecal matter and no latrine facilities. Similarly, outdoor smoke coming into the house, no outlet for indoor smoke, no proper ventilation, place of cooking and wood as main cooking fuel are the main causes of respiratory diseases. The study establishes that dysentery and respiratory diseases are common in the slum areas of all zones of the city.
Multiple regression analysis
Multiple regression models were used for pooled data to ascertain contributing variables to diseases in the slums of Bangalore city (Table 6 ). It is found that municipal collection of fecal matter and storage of water in open containers are significant variables. The coefficient of determination, R 2 , shows that there is 92.9% variation in dysentery as explained by independent variables, whereas in the case of jaundice, sources of water (storage of water in open containers) contribute more significantly. However, other variables like unsatisfactory water quantity are found not significant. Further, the value of R 2 is found to be 85.6%. In the case of malaria, (R 2 = 87.6%), all variables in the model contribute significantly. However, other variables like open drainage, no use of fly doors and windows in the house were found not significant. With respect to respiratory diseases (R 2 = 96.7%), except for space per person for sleeping, which is less than 10 sq ft, the place for cooking meal which is generally verandah /multipurpose hall and cigarette/bidi smoking inside the house, which are variable significantly, contribute to these diseases.
The study shows relationship between access to quality drinking water and sanitation vis-à-vis the incidence of diarrhea as demonstrated by other studies (Dittrich [9] and Osumanu [10] ). All these studies have emphasized the importance of environmental factors in determining the incidence of diarrhea. The complex factors contributing to malaria risk in slums of Bangalore city are not fully understood but statistical analysis shows that rapidly accumulating urban poor (slum dwellers) are at far higher risk (Roberts [11] and Ezzati and Kammen [12] ). Respiratory infections are transmitted by airborne particles, droplets or by physical contact. Indoor crowding, poor ventilation and a lack of sunlight increase the danger of cross-infection. Exposure to air-borne irritants such as smoke from cooking fire can predispose the body to respiratory disease and increase the likelihood of secondary infections (Siddegowda and Shivashankara [3] ). Similar studies have examined the household environmental problems which are closely inter-related and mainly affect low-income households (Surjadi et al. [5] , Graham et al. [6] , Maiti and Agrawal [8] , Ezzati, and Kammen [12] , Kirkr et al infectious diseases including malaria and diarrhea.
The study shows that the slum dwellers lack basic amenities because of poor economic conditions. This leads to common diseases like dysentery and respiratory infections. The main factors contributing to dysentery are no latrines, improper methods of disposal of fecal matter, and storage of water in open . [13] containers; the main factor contributing to respiratory infections is improper ventilation in the house, where predominantly the cooking fuel used is wood. The most severe household environmental problems and health effects are faced by the poor, i.e. low-income households. It is evident that the major obstacle to achieving sound environmental health in the slums of Bangalore metropolitan city is poverty. 
Conclusions
This study shows that the quality of life of the slum dwellers is very poor because of inadequacy of income derived from job and dependency. Household environmental problems are closely inter-related and affect mainly low-income households. Lack of access to facilities has created severe environmental and sanitation problems such as indiscriminate dumping of refuse and discharge of sewage and wastewater into the environment which pose major health hazards poor sanitation results in high incidence of infectious diseases including malaria, diarrhea and respiratory diseases. The study shows that slum dwellers suffer from lack of basic amenities. Multiple regression analysis shows that there is a close relationship between income, household environment and health. In the low-income households, the household environmental conditions are poor with a risk of environment-related problems like diarrhea/dysentery, malaria, jaundice and respiratory infections. Poverty-related social risk factors and environmental deprivation all combine to contribute to ill-health. Indeed, the role of poverty seems to be in large part a reflection of difficulties which poorer households face in achieving adequate environmental conditions. Poverty is the greatest polluter. This is our basic hypothesis.
